In this paper, we investigate the link between schooling achievement and creativity scores, controlling for personality traits and other individual characteristics. Our study is based on eld data collected in a secondary school situated in a Parisian suburb. Four scores of creativity were measured on 9th graders.
Introduction
Education has a major impact on economic outcomes, especially in the labour market.
Schooling choices should lead individuals to make optimal choices with respect to their abilities and environment. Dierentials in this achievement are driven by many factors such as individual characteristics (own abilities, social background) as well as environmental causes (peer eects, neighbourhood eects) or reasons related to the way schools function (public vs. private, credit constraints, early or late specialization, available information, etc.). For a long time, cognitive abilities were assumed to be the main reason for success in school and in the labour market. 1 In our modern society, where individuals have to adjust constantly to new problems and nd original solutions, creativity is an important feature (Amabile, 1996a,b, Sternberg and Lubart, 1995) . It is increasingly recognized as a key ability that promotes personal development, including academic achievement and performance (Besançon, Lubart and Barbot, 2013, Kim and Zabelina, 2011) . Several papers have studied the relationship between creativity and academic achievement 2 ; however, these were subject to a number of limitations including (1) using Grade Point Average (GPA) 3 or self-reported grades (Kuncel, Credé and Thomas, 2005) , (2) a self-reported assessment of creativity, and/or (3) a non-specic assessment of creativity. In our work, we aim to overcome these limitations by using both recent and ecological measures of creativity and the true grades over one school year. 4 1 In fact, we hypothesize here that there is a positive correlation between wages and school grades, through higher education attainment (Weiss, 1995 , Altonji, 1995 . 2 see Ai (1999) , Balgiu and Adîr (2014) , Cicirelli (1965 Cicirelli ( , 1966 , Furnham, Zhang and Chamorro-Premuzic (2006) , Jackson (2013), Nami, Marsooli and Ashouri (2014) , Sen and Hagtvet (1993) , Yeh (2004) 3 Studies that try to isolate predictors of academic success generally use the Grade Point Average (GPA), which is an average score based on dierent school subjects (language, mathematics, literature, chemistry, etc.) . "Secondary subjects" such as music, arts or physical education are not included (Laidra, Pullmann and Allik, 2007 , Richardson, Abraham and Bond, 2012 , Steinmayr and Spinath, 2008 .The GPA cannot thus be a total representation of schooling achievement as it excludes some of the teaching. Despite criticism of the accuracy and validity of this index (Didier et al. (2006 ), Johnson (2003 ), it remains the most widely used assessment (Richardson, Abraham and Bond, 2012) . 4 We favour test scores over IQ level as they represent the real decisional component of educational choices. In fact, the decision to invest in an additional year of schooling mainly depends on test scores. This paper presents an analysis of the association between creativity and test scores, providing an insight into the role of creativity in the French educational system, which has become an important issue. Reports from the French Institute of Education (Ifé) question the part played by creativity in French schools. In their report of January 2012 5 they describe the French educational system as formalized and organized in order to relay existing knowledge. Individuals are thought to be largely rewarded for conformity, which goes against learning creativity. This may be consequential in rapidly changing labour market where skills such as risk-taking, exibility and creativity are likely to be valuable. The Ifé proposes a trade-o between innovation in terms of pedagogical tools based on learning creativity and traditional evaluation. This idea is still questioned in France, especially because school programmes are entirely established by the State. This means that changing any aspect of schooling pedagogy for most public schools is an administrative and legislative process (private schools or schools with specic pedagogies are excluded). This new dimension is rarely studied in economics although it strongly predicts innovation as this latter represents the successful implementation of creative ideas within an organization (Majaro, 1992, Antonites and Van Vuuren, 2005) . Because creativity and innovation are related, and because innovation is a keystone of performing rms, the role of creativity as early as during childhood becomes an important dimension.
In this context, creativity is no longer considered exclusive to geniuses or eminent people, but is also a quality of ordinary people (Beghetto and Kaufman, 2007 , Kaufman and Beghetto, 2009 , Richards, 1999 , 2010 , Runco, 2004 . Creativity is dened as the ability to realize a production (an idea or a concrete realization) that is original (new or unexpected) while remaining appropriate (useful or valuable) to the context in which it occurs (Runco and Jaeger, 2012 , Sternberg and Lubart, 1995 , 1999 . "Everyday" creativity can be divided into creative performance (the actual manifestation of creative performance) and creative potential, which refers to the relevant dimensions (psychological characteristics of individuals, characteristics of the environment 5 This report can be found in French at http://ife.ens-lyon.fr/vst/DA-Veille/ 70-janvier-2012.pdf.
3 and the type of mental operations conducted during the creation process) that lead to a creative performance not yet realized (Runco and Kim, 2011, Runco, 2007) . Creativity is a multifaceted phenomenon (Zeng, Proctor and Salvendy, 2011) : dierent factors contribute to creative potential. The dierences observed between individuals result from a combination of cognitive, conative 6 and environmental factors (Caro and Lubart, 2012) : thus this combination involves the study of the creative person,
i.e. the study of psychological characteristics of individuals (Rhodes, 1961) .
Although the analysis of the relationship between creative potential and academic achievement started in the 1960s, there is a more recent literature that focuses on the relationship between personality and educational outcomes or wages 7 . When the Five-Factor Model (FFM) of personality traits (the Big Five) is used (McCrae and Costa, 1987, John and Srivastava, 1999) , conscientiousness consistently emerges as a stable predictor of exam performance (Chamorro-Premuzic and Furnham, 2003) .
The results of meta-analysis show that conscientiousness is a major determinant of academic success assessed by the GPA (Poropat, 2009, Richardson, Abraham and Bond, 2012) . As mentioned above, openness to experience, as a personality trait, is a central dimension of creative potential (Feist, 1998 (Feist, , 2010 and appears to be the second best predictor of academic achievement. This centrality of openness to experience and conscientiousness was conrmed recently (Caprara et al., 2011 , Di Giunta et al., 2013 , Zuanò et al., 2013 while the other Big Five dimensions (emotional stability, agreeableness and extroversion) seem to have little or no inuence.
Some studies seem to show that creativity has an eect on academic achievement when participants reach a certain level of intelligence, measured by IQ (Getzels and   Jackson , 1962 , , Torrance, 1962 Stixrud and Urzua (2006) . and divergent thinking. It appeared to improve the prediction only when academic success was predicted through the writing of a master's thesis.
In our work, in order to identify a relationship between creativity and schooling achievement, in addition to traditional non-cognitive measures (personality traits) and individual characteristics, we collected data in the eld from classes of a secondary school located in a Parisian suburb. Our sample consisted of six 9th grade classes that took the BB5, and we measured the pupils' creativity.
To measure school achievement, we obtained the pupils' report cards from the school detailing the average grades for every subject. The dependent variables are thus observed grades of the mandatory lessons i.e. mathematics, physics and chemistry, biology, French, foreign languages (FL), history and geography, music, art, IT and physical education (PE). Maths, French and foreign languages are considered the core subjects by the educational system, followed by physics and chemistry, biology, history and geography. The remaining four can be categorized as secondary. We also obtained the success rate of the nal secondary school exam ("Brevet des Collèges") and were thus able to estimate the probability of success.
Based on our specic sample, we nd a weak correlation between our creativity measures and personality traits except for openness, which reinforces the independent role of creativity and also the fact that a greater openness to experience is generally associated with a higher creative potential (McCrae and Costa, 1987) .
The main result of our paper is that creativity has an ambiguous relationship with school achievement. First, verbal divergent thinking is negatively associated with almost all of the subject grades. However, graphical integrative eects are positively associated with scientic subjects. These results highlight the fact that in order to obtain good grades at school, it is necessary to restrain divergent thinking. Second, when looking at the probability of passing the nal secondary school exam ("Brevet des Collèges"), we nd that verbal divergent thinking no longer has any eect, but that both types of integrative thinking increase this probability. We thus provide evidence of associations between creativity and schooling achievement but we do not provide any causal eect from one to the other. Hence, there might be unobserved variables that would aect both creativity and grades such as cultural activities (going to the museum, playing an instrument), having personal tutors, or any cultural capital inherited from the parents that we do not measure 8 that could bias the estimates.
Even though estimates may include a positive bias, we believe the relationship we nd between creativity scores and school achievement are quite new for this literature Openness, and to a lesser extent conscientiousness and agreeableness, exhibit signicant positive estimates on grades, but predict to a lesser extent the probability of succeeding in the nal exam. An inconsistency variable, coming from a risk aversion elicitation measure (Holt and Laury, 2002) , is negatively associated with scientic grades.
Overall, girls have signicantly higher test scores than boys, except in sports. This might explain the fact that contemporary girls often choose dierent paths and stay in school longer than boys. 9 Moreover, girls have higher scores of both divergent and integrative verbal thinking compared to boys. An interesting result emerges from the analysis of the probability of exam success: all things being equal, boys have a higher probability of passing the exam, although girls have higher grades during the school year. We discuss dierent explanations for this result.
This paper is organized as follows: section 2 presents the theoretical background and the estimation strategy, section 3 describes our data and how they were collected.
Section 4 presents our results. Finally section 5 discusses the results and section 6 concludes. 8 A relatively low proportion of our sample (24%) were involved in cultural activities such as playing an instrument. Field data could overcome this issue if we had the parents to ll in some questionnaires as well. Unfortunately this is not the case. So we cannot exclude unobserved factors in our error terms. 9 We do not take into consideration here the stereotypes that girls and boys may encounter when choosing specialities.
2 Theoretical framework and empirical strategy 2.1 Creative potential This subsection presents the theoretical background of creative potential based on the psychology literature.
Cognitive factors of creativity
Cognitive factors refer to knowledge and information-processing abilities that facilitate inventive thinking. The environment inuences not only the development of creative capacities but also the various forms that creative expression may take. The environmental inuence occurs in dierent spheres: the family, the school or work environment and the cultural context in which the person evolves. These various environments are embedded in each other. Among these cognitive components, general intelligence and divergent thinking are the most investigated. Divergent thinking can be dened as the cognitive ability to produce numerous responses in various directions for one task (Guilford, 1967, Runco and Kim, 2011) . It is a classic and central component of creative potential (Guilford and Hoepfner, 1971 , Lubart, 2001 , Runco, 2004 , Runco and Kim, 2011 . Creative achievement, or performance, appears to be associated more strongly with divergent thinking than with intelligence (Kim, 2008) . However, creative potential cannot be summarized as divergent thinking; it also requires an ability to summarise dierent ideas into a single original and adapted production. (Besançon, Lubart and Barbot, 2013, Cropley, 2010) . This distinction opposes divergent thinking, in which the goal is to explore multiple cognitive paths, and convergent thinking, which seeks to focus on a single, perhaps optimal path. Complex creative performance tasks certainly involve both kinds of process, in various degrees and in specic sequences that favour the generation of new ideas in a task.
In this vein, Lubart and Guignard (2004) proposed that the moderate correlations observed between dierent creative performance tasks stem from the fact that there is a dierent mix of cognitive operations and knowledge involved in each creative domain 7 and task.
Conative factors of creativity
Conative factors of creativity refer mainly to personality and motivation (Lubart and Mouchiroud, 2003) . Here, we focus on personality traits because they dene "what a person will do when faced with a dened situation" (Cattell, 1979) . These are relatively stable characteristics of the individual, while motivation is more contextual and specic to narrow domains. The Five-Factor Model (or Big Five Model) proposes a structure of human personality in ve bipolar dimensions: extroversion (vs. introversion), agreeableness, conscientiousness, emotional stability (vs. neuroticism), and openness (or intellect). Extroversion is revealed through a higher degree of sociability and talkativeness. Agreeableness refers to someone who is helpful, sympathetic, and cooperative. A conscientious person can be exemplied by someone who is disciplined, organized, and achievement-oriented. Emotional stability refers to someone who can control his/her impulses and anxiety. Openness reects intellectual curiosity and the preference for novelty and variety and is systematically associated with creativity.
In conclusion, it appears that creative potential is based on a set of features, some of which are more central than others: namely, divergent thinking, integrative thinking, and openness, which will be assessed in this study.
A production function for educational achievement
We use an education production function (Van Klaveren, 2011, Cunha and Heckman, 2007) with dierent inputs: creativity (four scores), personality traits (non-cognitive abilities) and individual characteristics (gender, age and parental background), the outcome being schooling achievement measured by the test scores in dierent subjects.
where T ijc is the observed test score for a pupil i, in a subject j = {maths, French, history and geography etc...} and in a class c. C ic is the vector of the individual creativity scores (see section 3 for the data description), P ic is a vector of the ve personality traits (BB5), X ic is the other observed covariates (gender, age, inconsistency from a lottery task, teachers' characteristics) and α c is the class xed eect (in order to control for any unobserved heterogeneity coming from the class).
ijc is assumed to be normally distributed with a mean of zero and variance σ 2 .
We want to test the assumption that pupils' performance depends dierently on various cognitive and non-cognitive abilities. In contrast to Cunha and Heckman (2007) , our model is not dynamic and we will explain test scores of a single school
year 10 . Standardized test scores are our main output and will rst be our dependent variables in an OLS regression. However, we will assume the error terms to be correlated across separate but related regressions, each estimating test scores in dierent subjects. In that case, we will present our main results through SUR (seemingly unrelated regression) on test scores as there can be correlated unobserved variables in the error terms.
An additional problem of measurement error could arise from our eld data. As explained in the next section, we used assessment tools that have good psychometric properties (cf.American Educational Research Association, American Psychological Association and National Council on Measurement in Education (1999)). In the classic psychometric approach, psychometric properties enable the measurement error to be evaluated. Reliability, in particular, is the property that estimates the measurement error. The assessment tools we used for our study are validated psychometric measures, in the French context, and are robust; in other words, the measurement error is, on average, biased toward zero (Barbot, 2012, Lubart, Besançon and Barbot, 2011) .
In a later section, we estimate the probability of passing the national secondary school exam. For the pupils in our dataset, we have a binary outcome variable indicating passing or failing this exam. We will run a probit on the binary variable of succeeding the exam (Y i = 1) or failing the exam (Y i = 0). Marginal eects from the probit will be reported.
10 In a dynamic setting, the following year's test scores (t + 1) could be explained the grades at t and the same cognitive and non-cognitive abilities. 9 3 The data Data were collected on six 9th grade classes from a middle school in Rosny-sous-Bois (a Parisian suburb) in January and February 2012. The whole procedure consisted of four steps. The rst two corresponded to the measurement of creativity, the third step was the personality test (the BB5 based on the Big Five inventory) and a measure of risk aversion based on the Holt and Laury (2002) task. The last one consisted of collecting the school grades of each student in each subject, which reect schooling achievement and their cognitive skills. The following subsections describe each step.
Measuring creativity using the Evaluation of Potential Creativity (EPoC) procedure
There are many dierent tests of creativity, which has proved to be a dicult psychological concept to measure. Some are based on completing tasks (for instance, the Torrance Test of Creative Thinking, Torrance (1962)) and some are self-assessed (The Adjective Check List, Zuckerman and Lubin (1965)). When based on performing tasks, the existing tests yield scores of divergent thinking (verbal and graphic), but not integrative thinking. In our opinion, it is important to consider both dimensions as they represent two types of skills equally important for creative potential.
EPoC (Lubart, Besançon and Barbot, 2011) is a procedure to measure the creative potential of pupils from elementary to middle school. It is a synthesis and extension of several traditions of measurement, which is based on a current theoretical framework seeing creativity as a multi-faceted, domain-specic construct that involves many components. Through this procedure, it is possible to categorize the numerous micro-processes involved in creative potential into two main sets, called divergent-exploratory processes and convergent-integrative processes. Moreover, as creativity is domain-specic, it is important that measures of creative potential take into account the domain of creative expression. Consequently, EPoC measures both sets of micro-processes: divergent thinking (DT) and integrative thinking (IT), based on two dierent domains of expression: verbal and graphic. This contrasts with other existing measurement tools that focus on only a single component of creativity with a global approach and tend to generalize the observed results to any domain of creative expression. A detailed description of the tasks and some pupil outputs can be found in the appendix of part 2 of this paper.
Divergent thinking (DT) is a thinking process consisting of generating a maximum of creative solutions. The EPoC procedure embodies two types of DT:
• Graphical Divergent Thinking (hereafter GDT ): pupils are asked to produce a maximum of original drawings in 10 minutes based on a simple shape.
• Verbal Divergent Thinking (hereafter VDT ):the experimentalist gives the beginning or end of a story and pupils are asked to produce a maximum number of story endings or beginnings in 10 minutes.
Integrative thinking (IT) is a cognitive activity that consists of combining many elements. Two types of IT are distinguished:
• Graphical Integrative Thinking (hereafter GIT ): from ten drawings, pupils are asked to produce one unique drawing, the most original, using at least three drawings from the list in 10 minutes.
• Verbal Integrative Thinking (hereafter VIT ): the experimentalist gives a story title and the pupils have 10 minutes to nish the story in the most original manner.
The external validity of the procedure was conrmed by Lubart, Besançon and Barbot (2011) by measuring creativity with EPoC as well as replicating a measure of creativity by Torrance (1962) : this test is also known as the "cardboard box" where subjects have 10 minutes to suggest a maximum of possible uses of the box, hence categorized as a divergent thinking task. It showed a high and signicant correlation with the divergent thinking tasks of EPoC. There are well known results showing a low correlation between IQ tests and creativity measures. Hence, IQ tests were run on children who also took the EPoC tests, conrming this result. Finally, subjects also took the BB5 test (described in the next section). Lubart, Besançon and Barbot (2011) found a correlation between the trait of openness and creativity dimensions, which is consistent with the results of McCrae and Costa (1987) showing that this personality trait facilitates the ecient use of divergent thinking so that it is as creative as possible. The external validity of the EPoC procedure is thus well established.
Two sessions were organized to measure creativity. 11 During each session, each type of creative thinking was measured (see gures 4, 5, 6 in the appendix for dierent outputs of VIT, VDT and GIT). Each session lasted on average 50 minutes and was run in the classroom with paper, pencils and felt pens. To summarize, in the DT tasks, pupils were asked to produce a maximum of ideas, responding to a unique stimulus. In the IT tasks, they had to produce a more developed synthetic solution.
Creativity scores for each type are based on the number of outputs (for DT tasks) and the degree of originality. The higher the score, the higher the individual's creative potential. In order to simplify the analysis, we use standardized scores of these four measures. 81 pupils completed the whole test (over both weeks). Figure 1 shows the distribution of the four creativity scores.
[ Figure 1 about here] Clearly, higher integrative thinking is more frequent than divergent thinking, whose distribution is more shifted to the left on the distribution graph. This already signies that children are better at integrative thinking than at divergent thinking.
Lubart, Besançon and Barbot (2011) suggested that integrative thinking (especially verbal) develops earlier than divergent thinking. Even though this has still not been totally conrmed, it might explain why this kind of distribution is observed. The remaining question is to see whether these creativity dimensions have an inuence on schooling achievement. 11 A dierent version (A and B) was used in each session in order to obtain robust scores of creativity. The tasks were the same overall but the content diered (types of drawing, titles of the stories). to ask questions if they did not understand an adjective. A unique score is obtained for each trait, highlighting the personality traits that characterize the individual.
After the BB5 questionnaire, pupils were asked traditional demographic questions about their gender, age, parents' education, etc. 99 pupils took this test on a computer notebook in the classroom. There are validity criteria based on missing entries, "non-positioning/doubts" (this is the tendency to give central answers rather than positioning oneself in agreement or disagreement), and the tendency of agreement (a high frequency of total agreement or disagreement). These last two criteria yield a score that enables valid scores to be determined. Three pupils did not nish the questionnaire and ve did not have valid scores. Consequently, 91 observations were usable for analysis based on the BB5 questionnaire.
Inconsistency measure
We implemented a risk aversion elicitation rule as in Holt and Laury (2002) right after the BB5 questionnaire. Pupils had to make ten choices between two lotteries (see Figure 2 ). Probabilities were the same for each choice; only the amount of money changed.
[ Figure 2 about here] Lotteries were presented as scratch cards while the probability of winning was presented as the chance of winning. Pupils were allowed to ask questions about the task, which enabled us to check that they understood the instructions and the task quite well. We are interested here in the inconsistency yielded by this measure. The level of inconsistent choices observed is 26.3%. Inconsistent participants are those who exhibit multiple switches or inconsistent choices (like choosing option A in the last row) 12 . This inconsistency level does not dier signicantly from previous studies carried out on adults (Ballinger and Wilcox , 1997 , Blavatskyy, 2010 , Lévy-Garboua et al., 2012 , Loomes and Sugden, 1998 . In this study, we use the inconsistency as a proxy of a certain type of cognitive ability relying on the assumption that pupils who are considered inconsistent either did not understand the task or have trouble with computing probabilities.
Grades collected
In order to measure schooling achievement, the average grades of every pupil for each subject and each trimester of their 9th grade were collected. The mandatory lessons of middle school were used i.e. mathematics, physics and chemistry, biology, French, history and geography, foreign languages, arts, music, IT and physical education (PE). These were divided into three categories: scientic subjects, the humanities and secondary subjects (see Table 1 ).
[ Table 1 about here]
As Table 1 shows, between 92 and 97 observations were collected for the fundamental lessons. However, even though the secondary subjects are mandatory, some pupils may skip them, explaining the low number of observations for these lessons.
This may indicate that they are underestimated and considered less important than the other subjects.
There are six 9th grade classes named A to F. In France, pupils are graded on a 20-point scale. 13 Table 7 in the appendix reports all the average grades in each class for each subject considered. Some classes have higher average grades than others.
This could be due to peer eects 14 or because grading exams varies within teachers (teacher eects). We checked for each teacher in each class and subject and found that when there are dierences between average grades of classes, it is not because one teacher grades his/her classes dierently but because the teacher is dierent. Hence, when classes have the same teacher, the average grades are almost the same. In order to control for any peer eects, class xed eects are included in the regressions.
At the end of their 9th grade, the pupils take the compulsory secondary school nal exam ("le Brevet des Collèges") that delivers a diploma. It contains three tests:
in maths, French, and history & geography. Success in this exam is partly based on the grades obtained in these written exams and partly on continuous assessment during the 9th grade. Each of these evaluations contributes 50% to the nal grade that leads to a diploma.
Nowadays, this exam has become informal and it is possible to move on to high school without passing it. Nevertheless, most pupils still take it. Information was obtained for 125 pupils on whether they passed it or not 15 , and whether they achieved a distinction, but not on their exam grades. This exam is anonymous and pupils are graded by external teachers who do not know the name or gender of the pupil.
For pupils whose grades will be used in the following section, their success rate is 71.6%. This is fairly low as the national success rate for this diploma has been between 80% and 85% 16 in the last ten years 17 . 64.6% of them obtained a distinction 18 .
follow established by the French Ministry of National Education. It is known by all teachers and it is their duty to follow it so we can assume that tests are standard. 14 Hoxby (2000) and Markman et al. (2003) found that peer achievement has a positive eect on students' own achievement. 15 Even though we did not obtain some pupils' grades, they still took the exam. The mean average given is on a 40-point basis that can easily be converted to a 20-point scale. An average grade of 20/40, based on continuous assessment and exam grades, is required to pass this exam. Scoring 0/40 in one of the subject tests leads to immediate failure.
We estimate the education production function of section 2 in which creative potential is the input of interest. Personality and other individual characteristics enable previous results to be controlled and replicated, increasing the robustness of the creativity estimates. First, we highlight who might be creative pupils.
As we went to the middle school three times, we faced the problem of selection bias. In fact, pupils who attended the three sessions are those who do not skip classes and so they can be considered more conscientious and regular. 19 Of the 99 pupils who attended the BB5 session, 81 attended the creativity sessions. Overall, the pupils who attended the three sessions have signicantly higher grades than those who did not. Table 2 reports the correlation coecients between the creativity variables and the personality traits.
[ Table 2 about here]
The correlation coecients are overall in line with the results of Barbot (2012), who mainly found a high correlation (signicant at a 5% level) between openness and GDT, VDT and VIT, and also a correlation between extraversion and GDT 21 . In our case, openness is highly correlated with both the verbal tasks and extraversion 14/20 and 16/20 and the highest (summa cum laude) for an average grade higher than 16/20. 19 However, a two-tailed t-test on the score of conscientiousness between those who attended the creativity sessions and those who did not yielded a p-value=0.39. 20 Two-tailed t-tests on the standardized grades for each subject yielded a p-value<0.1 except for biology and sports. 21 His study is based on 607 teenagers.
16
is correlated with VDT. We also nd a weak correlation between agreeableness and verbal tasks, but not as signicant as the other correlation coecients.
Therefore, openness seems to be more correlated to all subtypes of creativity compared to the other personality traits. This is consistent with the result that openness facilitates the use of divergent thinking for more creative production (McCrae and Costa, 1987) . This is also the case for integrative thinking. Creativity can thus be considered a cognitive ability that is rather poorly correlated to personality traits.
They are independent variables, thought here to play a role in schooling success.
Higher scores are found for integrative thinking (both graphic and verbal). Do girls and boys exhibit the same degree of creativity? Figure 3 displays the distribution of each creativity score by gender.
[ Figure 3 about here]
Overall, creativity score distributions are more shifted to the right for girls, which implies higher creativity scores than for boys. This is less clear for the GIT dimension where both distributions look alike (except for the peak for girls where 30% of the sample has a 0 standardized score of GIT). In fact, two-tailed t-tests reveal that scores in GIT are not signicantly dierent between boys and girls (p = 0.83), which is also the case for the GDT scores (p = 0.14). However, for both verbal tasks, girls have a higher score than boys (for the VIT score the p − value = 0.001 and for the VDT score the p − value = 0.06).
Baer and Kaufman (2008) review the topic of gender dierences in terms of creativity. Among the dierent studies published, the results are not always consistent, mainly because of the multiple creativity measures used. Nevertheless, the general trend seems to be that women and girls have higher creativity scores than men and boys.
Estimation of test scores
In this section, we run regressions on the standardized average test score in dierent subjects for the whole 9th grade year 22 (three school terms). We pool scientic subjects (maths, physics and chemistry, biology) and humanities (French, history and geography, foreign language) 23 .However, we use the test scores of the "secondary" subjects individually (arts, music, IT and physical education). We run seemingly unrelated regressions (SUR) as we assume that the error terms of the various equations we estimate are correlated. For every SUR we perform, Breusch-Pagan tests yield a p-value<0.001 implying auto-correlation of the errors. We present the estimated coecients from SUR in Tables 3 and 4.
In Table 3 class xed eects are introduced in columns 3 to 10. We also ran OLS regressions on the same test scores; the results can be found in the appendix in Table   8 . Coecient and standard errors are slightly higher in OLS. We will focus on the SUR.
Overall, the verbal divergent thinking estimates are negatively and signicantly associated with sciences, humanities, music and IT. Divergent thinking was the rst dimension studied by psychologists to evaluate creative potential. It is considered essential for creative processes and can be seen as the basic ability that allows the creation of alternative solutions to a given problem. Estimations reveal that, in this school, the higher the VDT score, the worse the pupil's test scores. This suggests that the grading system does not encourage the use of divergent thinking abilities, which are uency, exibility and originality. It might mean that the school's teachers evaluate pupils in a quite conservative way, which supports the criticism that is sometimes made of the French education system.
[ Table 3 about here]
[ Table 4 about here]
22 There are no signicant trends over the year meaning that pupils overall exhibit constant grades during the school year. Thus, we can compute the year's average test scores. 23 We also ran the same regressions on the test scores for each subject but we found that it did not change the main results so, to have greater power in our data, we pooled them by eld of study.
Graphical Divergent Thinking exhibits a positive and signicant eect for the scientic study eld. Separate estimates (not reported here) on the specic subjects shows that these results are actually driven by the biology test scores in which pupils are often asked to draw and represent their knowledge in graphics. It is also positively associated with the music and IT test scores. Otherwise, the other dimensions of creativity have no eect on our variable of interest. The non-signicant eect of the graphic dimensions may be due to the fact that, at this age, pupils have to invest more in verbal domains than in graphic domains. Even when pupils have a high score in graphic thinking, it might just not be needed to perform well at school.
In terms of personality, openness is positively associated with almost all the grades. This is consistent with the literature on this trait. Previous research has found that openness, which reects curiosity, imagination, and unconventionality (also sometimes called intellect or openness to new experiences), is correlated with intelligence scores.
A higher score of conscientiousness and agreeableness also increases the grades in sciences and humanities (when parental background is not included), music and IT.
Coecients uctuate between 0.02 and 0.03, which is much smaller than the VIT coecients (between 0.07 and 0.12).
Blickle (1996) showed that conscientiousness and openness have an eect on learning strategies. 24 Go and Ackerman (1992) and Ashton et al. (2000) also showed that openness and intellectual ability are positively correlated. Having a higher score of openness is hence rewarded by better test scores in our sample. However, having a high score of VDT is not, even though openness is positively correlated with this dimension. This might be explained by the fact that schools ask pupils to manifest curiosity, imagination and a taste for novelty but to comply with specic learning methods. This is incompatible with divergent thinking, which relies on the ability to consider a problem from dierent and new perspectives.
Controls for parental background are included in the last column of our tables.
Because parental education was self-reported by pupils, many data are missing. More-24 They use scales to evaluate various strategies such as cognitive learning strategies, or resourcerelated leaning strategies. over, our data come from a low social background area. Hence, for the reported answers, we do not have a very balanced sample of qualied and low-qualied parents.
71% of fathers and 65% of mothers are low-qualied. Nevertheless, the mother's education seems to have a signicant eect on the science test scores whereas the father's education is positively associated with the humanities eld.
Inconsistency, a dummy variable coming from a lottery task that we consider a cognitive ability of understanding and computing probabilities, is negative and signicant for sciences but not signicant for humanities or secondary subjects, which is consistent and eliminates some of the possible unobserved factors.
Girls have higher test scores in every eld except IT and physical education; coecients are positive and signicant at a 1% level. Table 7 in the appendix presents the distribution of grades for each subject between girls and boys. The distribution of girls' grades is shifted more to the right than that of the boys' grades. This may not be surprising as girls are considered more attentive, focused and self-disciplined (see Costa Jr, Terracciano and McCrae (2001), Rubinstein (2005)). In our sample, girls are signicantly more agreeable, more open and slightly more conscientious (see Table 6 in the appendix for details). It is usually asserted that girls have better grades because they are more conscientious. Even though we controlled for these traits, we still nd a large signicant dierence between boys' and girls' test scores. Hence, the gender hints at a mechanism not captured by all the variables controlled for. Researchers have investigated the issue of stereotyping in schools. By comparing non-anonymous vs. anonymous exams, they tested the assumption that girls are either positively or negatively discriminated by their teacher. Both Lavy (2008) and Falch and Naper (2013) found that girls outperform boys in almost all subjects and suggested that the bias found against male students is the result of teacher behaviour. 25 One reason for this could be that girls and boys invest dierently in the subject according to the teacher's gender. In fact, the way students perceive their teacher seems to have an impact on their motivation and performance (Maehr and Midgley, 1991, Meece, Glienke and Burg, 2006) . A paper by Dee (2007) shows that teachers perceive their 25 The former study was run on Israeli data and the latter was carried out in Norway. 20 students better when they have the same gender as the teacher.
Ouazad and Page (2013) shows that, in school, boys invest less when they are graded by a female teacher and girls invest more when they are graded by a male teacher. Our sample size is rather small and comes from only one school but we have information about the gender of the teachers. Although there are three dierent maths teachers, they are all women. There are two dierent physics teachers, a man who teaches four classes and a woman teaching two classes. However, even when we control for the teacher's gender (columns 9 and 10 of Table 3 and columns 9 to 13 of Table 4 ) the coecient for girls is still highly signicant.
The assumption of favouring girls can be tested by looking at the probability of success in the national anonymous exam, estimated in the following section.
Estimation of the probability of passing the compulsory secondary school nal exam
We are interested in explaining the probability of succeeding in this exam. We use the same independent variables as in the previous section. Passing this exam also depends on a continuous assessment based on 9th grade scores. These data were not available. In order to take this into account, we assume that having good grades during the year increases the probability of passing the exam.
Hence, a rather good control for this is to add the average grades during the year. We 26 We did not have access to their exact date of birth but the sessions during which we asked their age were run on January 24th and 25th. The distribution of age is the following: 2.7% of our sample is 13, 64.0% is 14, 28.0% is 15 and 5.3% is 16. The 16 year olds and most of the 15 year old pupils are likely to be repeaters. choose to add those in scientic subjects and humanities as a proxy for continuous achievement. Indeed, pupils with a higher average grade in sciences and humanities will have higher grades in their continuous assessment.
The interesting result given by this table is that variables associated with the probability of passing the national exam are not the same as for obtaining better grades during the school year. Column (1) reports the estimates of the marginal probability eects when creativity and personality are not taken into account. If the average grade in scientic subjects increases by one unit, then the probability of passing the exams increases by 14 percentage points. However, humanities grades have no impact even though there is one test in French and one in history & geography.
Interestingly, being older than 14 compared to being 14 and younger decreases the probability of passing the exam by 46 percentage points.
[ Table 5 about here] Column (2) introduces the personality traits showing a positive eect of agreeableness and openness on the probability of passing the exam, although it is quite small (0.011 and 0.026, respectively). Column (3) introduces creativity scores. Surprisingly, the creativity dimensions that have a positive impact here are both verbal and graphical integrative thinking with a moderate eect on the probability of passing the exam (a 5 percentage point increase in the probability of passing with an increase in the GIT score and a 7.7 percentage point increase with an increased VIT score). As mentioned before, we expected this creativity dimension to be positively associated with schooling grades. However, we have found previously that VIT has no signicant eect on grades. Moreover, the VDT estimate is not signicant here but was negative and signicant in the previous analysis on schooling grades. This raises the question about the abilities needed for achievement during the year and during an anonymous national exam. Does schooling limit the use of VIT during the year even though it is necessary in order to succeed in an exam (where pupils must have a global knowledge based on many years of studies)?
Concerning girls, another interesting result emerges. The estimated coecient of the girls' dummy variable is negative and signicant (at a 10% level) meaning that, all things being equal, being a girl decreases the probability of passing the exam by between 12 and 18 percentage points compared to boys. 27 Nevertheless, we showed in the previous subsections that they had a higher score for VIT and better grades.
Indeed, 63% of boys passed the exam compared to 71% of girls. The negative estimates indicate that if we compared a boy and a girl with the same level of ability, creativity and personality, the boy might succeed better. This will be discussed below.
Discussion
In France, orientation choices, which occur at the end of secondary or high schools, are made before taking the national exams ("Brevet des Collèges" and "Baccalauréat").
are based on the schooling grades and not on the exam scores. 28 Succeeding in national exams is only needed in order to pass to the next educational level. 29 Hence, explaining schooling grades remains the rst issue to consider, followed by exam success.
Openness and conscientiousness seem to be the main predictors of better schooling grades. As openness contributes to creativity, we could think that originality is rewarded by better grades. Teenagers with a high score of openness are curious and
seek new experiences. They can be considered eager to learn, artistic and imaginative.
Nevertheless, we nd that a higher score of verbal divergent thinking decreases grades.
This raises the question of which type of creativity is benecial to the pupils in school. 28 These decisions might, however, be inuenced by the exam results ex post, but this concerns a marginal number of pupils. 29 In fact, it was mandatory to pass the middle school exam, and it is still mandatory to pass the high school exam in order to reach higher educational levels. 23 if creativity really represents an important skill when entering the labour market.
Concerning the gender eect, we observe that girls have better grades during the school year. We ran the same regressions for girls and boys separately. Because this leads to a very small sample, we do not report the tables 30 but we assume that doing so at least gives a hint of the possible dierences between boys and girls. For scientic subjects, a signicant positive eect of GIT is only found for girls. The conscientiousness coecient is positive and slightly signicant for girls in their maths score. Inconsistency seems to have a negative eect on boys' scientic grades implying being inconsistent in the lottery task decreases the grades. However, it is not signicant for girls. For the humanities and the scientic subjects, conscientiousness positively drives girls' results, but has no eect on boys. In arts and music, openness is positively associated with grades for both boys and girls and there is a positive coecient of conscientiousness for girls' grades in music. It seems that personality traits, especially conscientiousness, are mainly correlated to girls' grades.
Regarding the national exam, we nd that girls do not succeed better in the exam when compared to boys with the same level of abilities. We suggest dierent explanations that we are unable to conrm due to the lack of available data but that can be further explored: girls can crack under the pressure of this national exam more than boys and thus succeed less. Another possible explanation is that girls are more hard-working and conscientious during the whole year leading to better results during the year. Yet, boys may perform better when studying for the exam and will then outperform girls. Lastly, our result could also be explained by the idea developed by Lavy (2008) and Falch and Naper (2013) i.e. teachers give higher grades to pupils when they know they are girls, implying a negative bias towards boys. In an anonymous exam, this positive discrimination is not possible.
30 Available upon request.
6 Conclusion
This paper establishes a link between academic achievement and creativity, controlling for personality traits. The impact of creativity on schooling achievement has rarely been studied in the growing economic literature on the analysis of non-cognitive abilities and educational outcomes. We went into the eld, in a middle school, where we were able to measure the creative potential of 9th graders, and obtained four scores of creativity subtypes: verbal divergent thinking, graphical divergent thinking, verbal integrative thinking and graphical divergent thinking. It should be noted that our sample has few observations and comes from a low socio-economic status 31 , so one must be careful when extending the results.
Academic achievement was assessed from the report of test scores of their 9th grade for mandatory lessons. We could have expected creativity to play a role in gaining better grades, at least in the creative subjects such as arts and music. We nd that the dierent subtypes of creativity do not aect grades in the same way.
Verbal divergent thinking predicts test scores signicantly and negatively. This result suggests that this is not a skill required to succeed at school. However, it is required in many innovative domains such as R&D. We were also able to estimate the probability of passing the "Brevet". In contrast, a higher score of integrative thinking increases the probability of succeeding, but being a girl does not.
We also conrm previous work on the relationship between personality traits and schooling achievement: conscientiousness and openness are the main traits that positively inuence grades.
From these results, we are able to present some recommendations for future studies on schooling achievement. One relates to taking into account the specicities of the dierent learning domains. Ability and success cannot always be considered globally.
An IQ test, GPA or other global maths or word task tests are not able to highlight this specicity. As we saw previously, dierent individual variables impact schooling 31 We asked pupils the socio-professional category of their parents as well as their exact job. We were then able to establish the proportion of highly qualied mothers and fathers in our sample, which is 35.4% and 29.1%, respectively. grades in dierent ways.
It might be of interest to obtain a deeper understanding of the role of creativity in school, at dierent levels of education, and its implication for the labour market. New data collection could overcome the endogeneity problem and non-observed variables so one can test for any causal eect from creativity to school achievement. Second, gender is a key variable that might imply other underlying behaviours or mechanisms.
Further development could involve replicating the same study in dierent schools and pedagogies, with dierent types of pupils (dierent social backgrounds and neighbourhoods), and even abroad where dierent educational systems are assumed to emphasise creativity more. We may then be able to describe the proles of creative pupils: who are the most creative? Is there a relationship between being creative and a dropout? Do the creative pupils have dierent grade proles from the other pupils?
These are the remaining questions we would like to answer.
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